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11:l~ neaction bet.,y~e~_P]l_osphoJ~_J;~~_t_o;~d.e o.}.?-j. A1:1r,19}1t~ 

Dy ~Tarc;ot Becke-Goehring :ind Jure; 3anbcth, 

The re nction of r4o10 with r rr3 proceeds by 

clenv~Ge of the P4o10 molecule. ~he na in ~roducts ~re 

cleri v ::.ti vcs of di-phos iJ~1oric acid, Hhi ch cnn be conclen-­

sed at about 100° C, yicldinG an a;.1D1onium so.l t of poly­
p!10Ephoric acid in which one half of t lie P-atoms are 

connected by 0-bridGes, t he other half by HU-linkages. 

The reaction between P
4
o10 J.nd mr3 has been the subject 

of many invcstications, Schi1f 1), the earliest investicator, 
believed Phosphaminic • Acicl,O ~? (!i"II) (on) ,to be formed, Glad­
stone 2), on the other hand, believed thut he had obtained 

Diamidodi:!_:>hosphoric ncid,r2o3 (HII2) 2 (0!I) 2 • Accordint; to I.Ien­
te 3 ) t!1e reaction c;i vee a mi:~ture of ar.111oniwa diphosphatea 
and ai'.Llnonium metaphosphates and a product vrhich can be de­

scribed i1s nn Z1.L1noniU11 sJ.l t of· a poly:i;>hos:)horic acid in which 

the 1..,-atoms nrc a.lterno.tely linked by 0- and lITI-bridGes re­

spectively. Snnfourche, Herne ·~te and ='au 4) believed that 

by trcn.tr.1ent of ? 4 0 10 with nrr3 Gas the u.L::~.1noniwi1. salt of 
~onoamidodiJhosphoric acid, ?2o3(orrrr

4
) 2(~ I2 )(~I), ~us pro­

duced, '."!oodstocl: 5) carried out the reaction betrrecn dry 

n~r3 and ~)
4
o10 ancl heated the reaction oi::ture in the preoence 

n-u,Schiff, Liebig• A;~.CJ~n. 103, 160 (~357). 
2) --

J,IT.Gladstone, J.Chc• .Soc. 21,64 (1068), 
3 ) A,Iicnte, Licbi~s Ann,Chett, 240, 245 (1888). 

• 

4) --A, Sanforuche, A,Hernette u. 1:.J?o.u, ~Ufl,Soc,Chin . J?._ance 
L4J .t1, 273 (1930). 

5) u.n. Woodstoc~, u.s.Patend 2 122 122 v. 20,6,1930. 
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ot dry iHI3 to at least 150° C. :ro t~1orcby obto.ined products 
havinc a r:IT ratio of le ~• than 1.5:1. ~ood• tock also used 
liq_uid iTII3 as r~actcnt, and yet other , roce Cui·cs, i. e, sus-­
penc1inG the P4o

10 
in an inert orc:anic oolvcnt throuch which 

he ~"'aooed the r-·aoeous lTII..,.. He su·:},J.Josed tho f ii--st '.)rou.uct pro--
J:' u J - ~ 

duced in this reaction to be tl1e c1ia, unoniUL1 so.l t of di.:i.mic1odi-
phosphoric acid, P2o3(orrn4) 2(1TII2) 2 , after which this was sup­
posed to underc;9 condenscJ.tion nith forno.tion of a 4- or 8-
merabered ring system. 

i 
H21T - 1 - 0 -

OHH4 

II ?i 
H4No .- P, __ - 0 -.,,.,r - OHH4 

~ 
- y 

fijJ 

I u4no - f 
0 

' "'-n ./· 
H 

•·• 0 ·-

·- 0 -

~I 
p --
1 yu 
p -
II 
0 

OlTH4 

OHH4_ 

F~Lscher 6) obtained considerable confiruation of 1.7oodstock' s 

observations. However, he raai:ato.ined that there nas as yet 

no certain knowledce concerning the uechanisn of reaction be­
tween P4o10 and nn3• 

This system appeared, therefore, to be a promisin~ one 
for furt~er ctudy. Vie investigated the reaction of liquid nn3 
with P4o10 and found .that the substance underwent rapid reac-

G) H.Fischer: Uber die Reaktionsprodukte aus Phosphorpentoxyd 
und Anu-.1oniak und deren Eicnung zur Wassercnth~irtunc. 
Verlag li~Dittert u,Co., Dresden 1941. 
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tion, but thnt the ourf ace of the P4o10 soon became inaeees­
sible to the ITH3 , t hus brincine the reaction to a standstill. 
In a scaled tube it too k about 5-6 weel:s for co1:.1.pletion of 
the reaction, when r

4
o10 could no lens er be detected on the 

X-rny diae;ram of the 1)rocluct 7 ). However, the reaction can be 

carried out very r .J.piclly in o.n a.utoclnve, fitted v,ith a ma~­
netic stirrer, at teuperatures betueen 40 and 50° C. In this 
way reaction was com)lete after 24 hrs. The atonic ro.tion P: N; 
ad~l~onium--ll was 1; 1. 79: 1. 1 G. This r.:i.tio was ulso f otu1.d by Fi-

r.-. ) 
scher in some of his e:~pcrimcnts 0 

, 

It was not ~ossible to establish the homoaeneity of this 
product. ChrornatocramG O) showed the presence of hii;her poly.­
aerie substances in the reaction product. 4 different spots 
were found, one of which could be monoamidophosphate, while 
the others were not characteristic of any lmo,m com,ounds con~ 
taining P, N or o. On the other hand there was no trace of 
diaraidophosphate, 

A uniform vroduct was obtained by heatinc the reaotion pro~ 
duct to temperatures between 100 and 110° C, Unlike Uoodetock 5) 
we carried out this heating under normal atmospheric conditions 
for several houro. 1:n-13 is liberated and the substance becomes 
puffed up to 6ive a solid product, having an atomic ratio of 
P:U:AmL1oniu.'ll-N = 1: 1.5: 1.06. 

Thie product is a light-crey powder, which dissolves slow­
ly in cold water, but rather q_uicl:ly Yvhen it is heated, The 
solution has an almost neutral reaction nnd coagulates albwnen 
in acetic acid solution instanteneously. ChromatoGrams showed 

I 

the presence of polyvhosp~ate and of oligop~osphate~ the latter 
bei~~ supposedly obtained by hydrolysis of the polyphosphate. 

1) Exi,e;i~~nt~ of-Dr.K:-Nicdenzu, 
3) G.Biberacher, Z,anorg.allc,Chem. 282, 86 (195G). 
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Solutions of our reaction ~roduct in water Jrovc to h~vo con­
siderable nbili ty to bind Ca. The bind.inc; ,.,~~s COI!)letc uit::.1 
an atomic ration of Ca;r = 1;5.4. 

We should likci to interpretc the reaction as follows = 
. P 4 o10 nori:1ally is shov,n by tho formula I 9 ). It is st~ ,_> poscd 
that firstly the compound II is formed by ar.monolysis, Hhilc 
further reaction could yield either III or IV. Thilo and co­
workers 10 ) have shown by the solvolysis of P4o10 with a po­

lar solvent e.g. water derivatives of tetraaetaphosphoric acid 
are mainly obtained. On the other hand one obtains derivatives 
of isotetrametaphosphoric acid (IV) when for exaillple ether is 
used. On these grounds III is prOi)Osed as the princil)lc pro­
duct in the reaction between HH3 o.nd P4o10 • It is fairly cer­
tain, that the compound IV was not obtained since this should 
split to Bive diamidophosphate bosides other substances. ~e 
did not find this substance in any of our e:::c:periments, how­
ever. Since the compound III is also liable to underGO further 
:r,eaction after a while it is ponsible that we obtainecl the com­
pound V in the ma1u1er shor,n. Indeed Hiedenzu s.:1owcd that this 
compound can be obtained when the reaction \1/<J.S carried out 
slowly at roor.1 teL1pcraturc, 
.............. _____________ _ 
g) B, ;~aistrick, Sci.J.Iloy.Coll.Si. XI~: , 9 (194<J)j 

II,J.H.odionov,a u. Ju;{!.Chodalr:ow, J.J.110 .CJ.1c1.i.("Jc1SS~l) 
(32) 1347 (1S50) ; 

20 --·-' 
Il,H,Bell, ·:," .P.Audrieth u. O. F.I-Iillt Int~.~nc;.Chcu • .1.1-., 570 

(1952); 

R. Ila t z u • E • Thi lo , Lieb i cs Alli~L • Ch c i!l • 5 7 2 , 1 7 3 ( 1 9 5 1 ) ; ----
B.Thilo u, H.Woggon, Z.anorg.allg.Che i.1. 277, 17 (1954). --

10>E.Thilo u. W,Wieker, Z.anorG.allg,Chem.277, 27 (1954) • -
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The ammonolysis docs not go farther than this, as we have 
shown 11 ) that the amrnonolysis of P2o

3
c14 gives P2o3(HH2) 4, 

CL,J 
/ ·P - 0 

Cl 

and no derivatives of orthophosphoric acid ~ere proJuccd. 
Thus, from the reaction between P4o10 0-nd lic:_ ~1id ~-tn3 a 

mixture of reJ.ction :)roducts WJ.s obtainc cl, which , we be licv~, 
include the compounds III and V. On heatin~ this r eaction pro­
duct, condensation occur with simultaneous cleavace of NH3 , 
as the final product shows an .J.tomic rc:i.tio of P~ N~A~-idonium-N 
of about 1:1.5:1. This latter reaction can occur by either an 
intra- or intermolecular proces s . In the first case the reac­
tion uay be depicted as follwos; the am..:onium salt of diarJ.ido­
diphosphoric acis (VI) is formed, after which rearrance~ent 
take place analogeus to a reaction which has been previously 
described for amidophos phoric acid 12 ). This substance will 
polymerize to a product (VIII) in bich each P-Jtom is con­
nected with 4 ligands. 

11 ) 1.1.Goehring u. K.Niedenzu, Che rn . Ber. ~?3-, 17 (195G) • 

12 ) II.Goehrine; u. J .Sambeth, Che ., . Ber. 9_0, 2J2 ( 1957). 
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In the case of an intermolecula r proce ss tho conQensation 
will occur between 2 molecules of the diaa~onium s alt of diarai­

dodiphos phoric acid to cive firstly a dLl rivativc of an i~i do­
tetraphosphoric acid (VII), which will be able to t a ke part in 
further condensation reactions. This reaction would be analogous 
to the behaviour of triamidophosphoric acid towards reagents 
which react with cleavage of NH

3 
13 ): 

~ fl 
2 1 - 0 - f - :i.'TH2 

OlJH4 ONH4 

V 

~ 
0 ij Pi ll H 

VIII H2U - p - 0 p H 
. ., 

0 -( , HH2 + nu .. - ' , - -· ... ... 
I I I I ) 

o:rn4 01:II4 
O',TF .. 4- o·nr .. :r 4 

VII 

In both cases an ammonium salt of a polyphosphoric acid 
is obtained, the P-ator.1s of which will be linked by 0--bridc_; eo 
as well as by IHI-brid c;es. It is ciuito underst andable t l-:i.a t t :1i s 
amn1onium s alt has a ,:re.1t ability to bind calcium. For an am­
monium polyphosphate (IX), whic h is obtai ned by the rearranGe­
ment of amidophosphoric acid 12 ), as we 11 as an amrnoniumpolyphos-­

phimate, obt~incd by th ~ analo J ous rearransement of diamido­
phosphoric acid both have t he ability to bind Ca. The substance 
(VIII) therefore should posses s the properties of both IX and X. 

13 ) J'~ .G~-;h;~g u. K.Niedenzu, Ch ~G'1 , :0e I . £33.., 1771 (1 ':) 56 ). 
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In fact the ability to bind Ca is as Grc~t ~it ~ VIII ~s wi t h 

IX. The analytical data proves the end product to have t he 
ci ven for~.o.la VIII. n should be about 1-- -~ y t~.1c c:J.1•o r:~~1. tog:::~:,·:c 

showiD~ more probability for n= f; .• 

0 
11 

HO - 1 - 0 

ONH4 

~ II 
HO "i T - - J.·! 

! 
OlH-14 

0 
II 1 - 0 

,-·· 

I 

OJ.JH 
4 

0 
Ii 
"i ) 
.J. 

I 
L. ONH4 

H 
l! 

0 
II 
-) OH -1 

n 
ONH 4 

0 
II 
f -I 

j 

_ .1:_0NH4 

~ •JT 
J.J ·.1.2 

IX 

X 
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Exnerimental Q~ta 
.... -~~~·-··-·- ·-- ~ - - ···----·-·····~ ... -----

For the pT8paration 
dry 1TH-z is condensed on 

) 

of fil.E:.<~::.<?.P..i._llX-~--1t:1.1ij._ ~P.~1.~.P}lC?. SJ>)~ __ a.:t~~ 7 ) 
freshly sublimed 24010 in a t~ick wal-

led tube~ the NH~ level , ) should bG l:-i.t lea.st 4 cu .:ibove t h e 

P4o10• The tube then is sealed an~ left at roo8 tomp0raturc f or 

5-6 v1eeks. After opcninc t}w t !~be the UH3 allO\vcd to cvapor;J.tc 
throuch solid KOH. L3tcr the last traces arc rc • ovcd by heatins 
in a water bath. The reaction product is then dried ovc~ r4o10 
in a vacuum desiccator for 24 hrs. and analysed directly, since 
the substance is very hygroscopic. 
Analses: Cale. P 29,5 N 26,7 Ancionium-N 13,3 

Found P 29,6 n 26,5 Arnmonium-N 13,3 

The reaction of P 4Q10 wi t1l_l'I.1-!µ A sufficient anount of liquid 
NH3 is put into the reaction vessel of a 50 EJ.l 3.utoclavo which 
is fitted with a magnetic stirrer. A small ~uantity of ~4o10 is 
put into the vessel and vigorous stirring begun at once. The 
autoclave is heated with continous stirring at 40-50° C for about 
24 hrs. Durinc t:}is time, tl~c rc ,~·.ction mixture be cones h.J.rdGr 
and harder, so that stirring becomes incrcasin~ly r:1orc difficult. 
After removal of the surplus nH

3 
tho autoclave is opened a.nd the 

reaction mixture reDoved. The substance is powdered and put into 
a desiccator. It is a ·do.rk class-liko substance 'N~1ich llas a crcy, 
gra.nuL:r a}.Jpoarance when powdered. 

The appearance docs not chance when dried iri ~csiccator under 
high vacuun1 at 20° C for 10 hrs. It is not comJlotoly soluble in 
eold water, but dissolves easily however in hot w~tcr with a 

weakly acid reaction. The X-ray diagram shows very Hoak intcr-­
fercnccs of P4o10 • Tho analyses of throe diffcroi1t so.lll)lcs arc 
the fo llowine;: 

/ 

·--11 ·-
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p 29,9 H 23,4 Amm.-N 15,2 P : :u ~ Aum1 . - H = 1 .. 1 , 76 0 1 , 1 4-0 0 

p 32,8 N 24,2 Arnn.-N 15,5 P:N::Amm.-N = 1 ,. 1 , 6 3 ,. 1 :- 05 " C 

p 29,7 N 24,2 Amrn. --N 15,5 I' ; N ~ JL 1r11 • -·i f - · 1 ,. 1 , 79 0 1 . 1 6 ,, • , 

The greater amount of the substance is hc 2ted in an electric 
oven at 100-110° C for about 10 hrs. The smell of ITH3 which is 
noticed at the beginning disappears slowly, while the reaction 
product becomes puffed by this process, it retains its orisinal 
appearance, and amorphous traces of r 4o10 only bcinc occauion<.111~· 
detected on tho X-ray dinsram. It ~roducos iumodiato conc;ul::ttion 
of albumen in acetic acid solution. The aqueous solution con­
tains small 11otallic pa1ticlos produced frorn the mo.::notic stj_r­
rer of the autoclave probably, but never uor0 than 0,07 %. 
Found P 30,9 N 20,5 A@m.-N 14,3 
Calculated for tho monomeric substance (VIIIa): 

P 3 2 , 1 N 2 1 , G ADn • - 1T 1 4 , 5 
Calculated fUr (VIII) with n=4 and chain ends saturatod with 
water residue: 

P 31,5 N 21,4 Amm~-N 14,3 
The possibility of bindinc Ca has been invostisated according 
to K.R. Andress und K. Wlist 14 ). The binding was complete for 
an atomic ration of Ca : r = 1 ,: 5 , 4 • 

For the preparation of ~<?..~i~~2M~~.P..~q_§.P_}:,iiBatc ai1 amount 
of diamidophosphoric acid is heated at 100-·· 11 o° C in an o loctric 
oven. After 2-3 hrs. a glassy colourless substance is obtained, 

which is very hyeroscopic and vory soluble in \1atcr ,. Tho Pn of 
an 0,t % solution is 7,59 at 20° c, while the Pn of tho startinc 
material is 3,55 under tho same Jonditions. Unlike tho startinc 

--------· .. _ .... -.~-.-.~- --····· ··-----
1 4 ) I·r n A d T" ~T. t \. eJ.l• 11 rc::-ss u. 1'- • 1,US , ,., ano ···•-.• ··,J lr• Cl1 , 0 37 

LJ•C .l0eu - i...J' l!.t ~• ~ ........... , 120 (1s3cn 

•' ,. 
-· ' 
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material the product obtained after the roarranr_; emont is amor- · 

phou~. The solution in wato~ coagulates album?n in acetic acid 

s ·olution instant2..neously. The chromatogram Fi ,' of tho rect.1.·1 c,;,:1• · 

ged substance cann1)t bo used as proof of its dogreo of polymer_ -· 

zation, 

The analyses arc as follows~ 

Cale, N 29,2 Amm.-N 14,G 
Found N 28,5 Amm.-N 13,7; 

for the isomeric starting F, atorL:il, diamidophosphoric acid ; 

Cale. P 32, 2 N 2 1
), 2 Amm. -N O, 0 

Found P 3 2 , 1 n 2 8 , 6 Am.;i • - lJ O , 6 • 

The possibility of binding Ca h .:1 s boon invosti t}J.tGd under tho 
1 ') 

same conditions as doscribod earlier for a1unonium~oly~hosphato ~ 

The bindina was accomJlishod with an atomic ration of .Ca~ P = 

1 : 10,2. 

/ . 
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